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OPTIMIZATION AND CHARACTERIZATION OF MELAMINE UREA 
FORMALDEHYDE (MUF) BASED ADHESIVE WITH WASTE RUBBER 
POWDER (WRP) AS FILLER 
 
ABSTRACT 
 
Fillers are added in adhesive formulation to minimize the utilization of resin in wood 
based products. Waste Rubber Powder is being used as wood adhesive filler in order to 
change the research work from waste to wealth. In this work, Melamine Urea 
Formaldehyde (MUF) resin was produced in the laboratory and waste rubber powder 
was subjected to chemical modification by using oxidizing agents such as 20%  nitric 
acid, 30% hydrogen peroxide and acetone solution were added to the Melamine Urea 
Formaldehyde (MUF) resin in identifying the best chemically modified waste rubber 
powder for interior plywood manufacturing using a laboratory press. Most of the 
plywood adhesives are formaldehyde based, which are not environmental friendly due 
to the formaldehyde emission, formaldehyde is considered as a carcinogenic agent. Due 
to the formaldehyde emission issue, plywood export to Europe and United State had 
been decreased. Therefore, the formaldehyde emission from the plywood is reduced. 
This work demonstrates the effect of filler at shear strength, water resistant and 
formaldehyde performance. Response surface methodology (RSM) software was used 
for identification of the optimum temperature and pressing time for wood adhesive 
performance. The optimum parameters investigated in this experiment was in the 
temperature range from 100 to 175°C at fixed pressing time at 150sec while in the time 
range from 50 to 450s at fixed prssing temperature at 125˚C. It was found that 
chemically modified waste rubber powder with 20% nitric acid had better plywood 
shear strenght, water resistant and formaldehyde emmision performance compared with 
other oxidizing agents solution. The optimum shear strength and formaldehyde 
emission performance of WRP was obtained by using pressing temperature 171.60˚C 
and time 269.27s was 1.37MPa and 0.7315mg/L. This work proved that extender is an 
important in enhancing the wood performance for wood adhesive. The sufficient 
amount of filler will increase the shear strength and decrease the formaldehyde 
emission of wood adhesive. 
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PENGOPTIMUMAN DAN PENCIRIAN MELAMINE UREA 
FORMALDEHYDE (MUF) DENGAN SISA SERBUK GETAH SEBAGAI 
PENGISI 
 
ABSTRAK 
 
Pengisi ditambah dalam formulasi pelekat untuk meminimumkan penggunaan resin 
dalam produk berasaskan kayu. Bahan buangan seperti sisa serbuk getah telah 
dimanfaatkan melalui kerja penyelidikan ini dengan menggunakannya sebagai 
pengisi pelekat kayu. Dalam kajian ini, Melamine Urea Formaldehyde (MUF) resin 
telah dihasilkan di dalam makmal dan serbuk getah sisa telah mengalami 
pengubahsuaian kimia dengan menggunakan agen pengoksidaan seperti asid nitrik 
20%, hidrogen peroksida dan larutan 30% aseton telah ditambah kepada Melamine 
Urea Formaldehyde (MUF) resin untuk mengenal pasti sisa getah kimia diubahsuai 
serbuk terbaik untuk pembuatan papan lapis dalaman dengan menggunakan mesin 
penekan suhu makmal. Kebanyakan pelekat papan lapis adalah berasaskan bahan 
tidak mesra alam, formaldehid yang merupakan agen karsinogenik. Disebabkan isu 
pelepasan formaldehid, eksport papan lapis ke Eropah dan Amerika Syarikat telah 
menurun. Oleh itu, pelepasan formaldehid daripada papan lapis dikurangkan. Selain 
itu, kesan pengisi pada prestasi kekuatan ricih dan pelepasan formaldehid papan lapis 
telah dikaji. Perisian ‘Response Surface Methodology (RSM)’ telah digunakan untuk 
mengenal pasti suhu dan masa menekan optimum untuk prestasi pelekat kayu. 
Parameter optimum dikaji dalam eksperimen ini adalah dalam lingkungan suhu 100-
175 ° C pada masa yang tetap menekan iaitu 150sec dan dalam lingkungan masa dari 
50 hingga 450s pada suhu menekan tetap pada 125 ˚ C. Sebagai hasilnya, keputusan 
sisa kimia diubahsuai serbuk getah dengan asid nitrik 20% mempunyai kekuatan 
ricih papan lapis, kalis air dan pelepasan formaldehid yang baik berbanding dengan 
lain-lain agen larutan pengoksidaan. Kekuatan ricih dan pelepasan formaldehid sisa 
serbuk getah yang optimum telah diperolehi dengan menggunakan suhu dan masa 
menekan 171.60 ˚ C dan 269.27s masing-masing adalah 1.37MPa dan 0.7315mg / L. 
Kerja ini membuktikkan bahawa pengisi adalah penting dalam meningkatkan prestasi 
kayu untuk pelekat kayu.  
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Background of Study 
 
Forest based industry can be divided into five sectors such as wood working 
industry, pulp and paper industry, paper and board converting industry, graphic and 
furniture industry. The conversion of trees into useful consumer products and 
building materials are the wood processing method. The applications of 
woodworking industries are to supply basic products such as sawn goods, wood 
panels and builders’ carpentry for construction, internal decoration and packaging 
(pallets; European Commission, 2008). Malaysia is one of the world’s largest 
exporters of tropical hardwood logs and sawn timber and is also a major exporter of 
tropical plywood, veneer and moldings. In fact, Malaysia is a top exporter of wood 
products with the revenue of over USD10billion in 2006 (Statistical Dept. of 
Malaysia, 2007) and exports of plywood amounted to RM20.5 billion in 2010 
(MTIB, 2010). 
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 The demand for wood based adhesive increase day by day in wood based 
industry because most of them are petrochemical based adhesive. The thermosetting 
and thermoplastic resins are the mainly used resin in wood industry. Urea 
Formaldehyde (UF), Melamine Urea Formaldehyde (MUF), Melamine 
Formaldehyde (MF) and Phenol Formaldehyde (PF) are some examples of 
thermosetting resins while polyvinyl acetate (PVAc), Polyvinyl Alcohol (PVA), and 
Ethylene Vinyl Acetate (EVA) are some commonly used thermoplastic resins (Ong, 
et.al. 2011). Melamine Urea Formaldehyde (MUF) is one of the mostly used and 
class of amino resin adhesive. The advantages of MUF adhesives are their initial 
water solubility which tenders them eminently suitable for bulk and relatively 
inexpensive production, hardness inflammability, good thermal properties, absence 
of colors in cured polymers and easily adaptability to a variety of curing conditions. 
Thermosetting amino resins produced from urea are built by condensation 
polymerization. The types of thermosetting are resorcinol formaldehyde, urea 
formaldehyde, phenolics, polyesters, anaerobic resins, polysulfide and room 
temperature vulcanizing (rtv) silicons (Dinwoodie, 1983; Pizzi, 1983). 
 
 Melamine urea formaldehyde condensate (MUF resins) based adhesives are 
employed in the wood processing industry and in other manufactures industries. The 
disadvantage of formaldehyde emission from MUF bonded wood product is 
carcinogenic effects. However, adhesives with a declared lower formaldehyde 
emission which are produced in a lower molar ratio of formaldehyde to urea (approx. 
1.2:1) in the reaction mixture and further addition of approx. 5% urea to the adhesive 
is recommended to actual curing of adhesive film (Pizzi & Mittal, 1994; Marutzky & 
Pizzi, 1989). The major reasons formaldehyde emission from MUF bonded wood 
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products are unreacted formaldehyde in the MUF resins, released formaldehyde 
during the condensation reaction between methylol groups and emitted formaldehyde 
from the hydrolytic degradation of the cured resin (Ko, 1976, Tomita, 1980). 
 
Adhesive is a substance capable of holding at least two surfaces together in a 
strong and permanent manner. Adhesive is one of the important materials applied on 
wood-based industry. Pizzi (1994) stated that during the last decades, there were 
many researches and development in wood-based industry on adhesives has shown 
successful result. Adhesives play a central role in wood-based panel production. 
Generally, adhesives are manufactured by compounding a base resinous material 
with fillers and hardener. 
 
Filler which used in this research is waste rubber powder (WRP). WRP is the 
product of used tires. Applications of the filler are to increase viscosity, control 
rheology and reduce raw material cost. The pours wood surface consists of small 
holes. The filler in the adhesive is used to fill up all small holes at the surface of 
wood to prevent or to reduce the formation of weaker bonding. Besides that, fillers 
also used to reduce the penetration of resin into the small holes of the wood (Pizzi, 
1994). 
 
The aim of the research is to compare the MUF based adhesive with filler and 
the effect of filler on bonding strength and formaldehyde emission performance. 
Besides that, optimization of processing condition also will be studied. 
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1.2 Problem Statement 
 
 Wheat flour is the industrial common used filler, whereas waste rubber 
powder (WRP) as the product of the used tires, it can used to replace the wheat flour. 
WRP available abundance in Malaysia and it’s cheap. The research work indirectly 
leads to waste to wealth. Moreover, formaldehyde emission from the wood 
composite poses a hazard to human health because it is a human carcinogen. The 
WRP applied as filler for adhesive in wood composite can lower the formaldehyde 
emission. Besides that, WRP can reduce the usage of MUF resin in adhesive and 
directly it reduces the amount of formaldehyde emission from wood composite.  
 
 
1.2 Objectives 
 
The objectives of this research are as following: 
 To study the optimization and characterization of MUF adhesive with WRP 
filler with different processing parameter (pressing time and temperature).   
 To study the effect of filler at shear strength and water resistant performance  
 To study the effect of filler at formaldehyde emission of plywood. 
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1.3 Scope of research 
 
The scope of this research is to study the effect of filler on shear strength and 
formaldehyde emission. Apart from that,  the optimization of the different processing 
conditions (pressing time and temperature) conducted. Characterization of WRP 
have been investigated. 
 
1.4 Rationale and Significance 
 
Introduced new filler which taken from waste (WRP) proves with better 
performance on shear strength and formaldehyde emission performance. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Introduction of wood adhesives  
 
Wood adhesives are essential components of development and growth of 
wood composites. In 2011, the worldwide wood adhesive consumption was 13.3 
million tons and total sale value reached $6.1 billion [Sellers, 2011]. Since 2011 the 
global wood composite output has increased steadily which means an increasing 
consumption of wood adhesives. Wood adhesives can be broadly classified as 
synthetic-based and natural-material-based adhesives.  
 
 
2.2 Synthetic based Adhesives 
 
 There are two types of synthetic based resins which are thermosetting and 
thermoplastic resins. These resins are differentiated by their chemical structure and 
response of heat (Li Kai Cheng, 2009). 
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2.2.1 Thermosetting Resin 
 
 Thermosetting resins are cross-linked while heating and cannot return to their 
original chemical structure as it’s in cooling process. The raw uncured resin 
molecules are cross-linked through a catalytic chemical reaction. The chemical 
reaction which takes place in this reaction is exothermic reaction and the resin 
creates strong bonds one to another and change state form liquid to solid. The 
examples of thermosetting resins are urea formaldehyde (UF), melamine 
formaldehyde (MF), melamine urea formaldehyde (MUF), phenol formaldehyde 
(PF) and others such as polyurethanes, epoxy resins, and isocyanates resins are used 
in the wood composite manufacturing (Li Kai Cheng, 2009).  
 
2.2.1.1 Urea Formaldehyde (UF) Resins 
 
 Urea formaldehyde resin is produced approximately 1 million metric tons 
annually. UF resin is used by forest products industry more than 70% in variety of 
purposes (White, 1995). The resin is used in the production of an adhesive for 
bonding particleboard (61% of urea formaldehyde used by the industry), medium-
density fiberboard (27%), hardwood plywood (5%), and laminating adhesive for 
bonding (7%), for example, furniture case goods, overlays to panels, and interior 
flush doors. Urea formaldehyde resins are the example of the thermosetting resins 
which referred to as amino resins (William, 1991; Updegraff, 1990). Urea 
formaldehyde resins comprise about 80% of the amino resins produced worldwide. 
The remainder of this class of resins is melamine formaldehyde resins, except for 
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minor amounts of resins that are produced from other aldehydes or amino 
compounds, or both. 
 
 Amino resins are often used to modify the properties of other materials 
(William, 1991; Updegraff, 1990). For example, these resins are added during the 
processing of such products like textile fabrics to impart permanent press 
characteristics; automobile tires to improve the tear strength; especially of wet paper; 
and alkyds and acrylics to improve their cure. 
 
 Urea formaldehyde resins are majorly used as adhesive by the wood industry 
because of low cost, ease of use under a wide variety of curing conditions, low cure 
temperatures, water solubility, resistance to microorganism and to abrasion, 
hardness, excellent thermal properties, and lack of color, especially of the cured 
resin. The advantage of UF resin is highly reactive, clear glue line, short hot-pressing 
time, aqueous system, cold tack ability, no flammability and low price. Meanwhile, 
the disadvantage of urea formaldehyde resin compared to other thermosetting wood 
adhesives is lack of resistance to moist conditions with combination of heat. These 
conditions encourage to a reversal of the bond-forming reactions and the release of 
formaldehyde. This situation lead to narrow the usage of urea formaldehyde resins 
for interior use, particleboard and MDF. The overexposure to formaldehyde from 
urea formaldehyde may lead to carcinogen effects. 
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2.2.1.2 Melamine Formaldehyde (MF) Resins 
 
 MF resin is also one of the thermosetting adhesives in wood industry. MF is 
looks lighter in colour compare to other types of resin and it’s also have acceptable 
water resistance characteristics. The applications of MF are primarily used wood 
adhesives for exterior and semi-exterior plywood and particleboard, and for ﬁnger 
joints. In addition, MF commonly used for impregnating paper sheets which used as 
the backing in making plastic laminates.  
 
 The reaction between melamine and formaldehyde are almost similar as the 
reaction between urea and formaldehyde where first is the addition reaction and then 
continue by condensation reaction. However, the addition between formaldehyde to 
melamine reaction is occurs more easily compare to the addition of formaldehyde to 
urea addition and the residual of formaldehyde is lower in MF resin (Pizzi, 1983). 
The reason the residual of formaldehyde is lower in MF resin because melamine is 
added into UF resin as formaldehyde scavenger. The good stability of the 
symmetrical triazine ring makes the MF resin resistance to water when the resin has 
been cured to the insoluble cross-linked state (Skeist, 1990). The limitation of MF 
adhesive is melamine is more expensive than urea. Usually, melamine will be added 
to UF resin to make melamine urea formaldehyde (MUF) adhesive.  
 
2.2.1.3 Melamine Urea Formaldehyde (MUF) Resins 
 
Melamine urea formaldehyde (MUF) is a synthetic resin belongs to the amino 
resin family. There are many authors been studied on the chemistry of condensation 
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reaction between urea and formaldehyde in UF resin and condensation reaction 
between melamine and formaldehyde in MF resin for MUF resin synthesis (Pizzi, 
1994). However, there are many conflicts in opinion about the co-condensation 
reaction between melamine and urea during the MUF resin synthesis (Ong, et. al. 
2011). At present, melamine-urea-formaldehyde resins (MUF) are used most 
commonly for production of wood composites, for exterior and semi exterior wood 
panels and for the preparation and bonding of both low- and high-pressure paper 
laminates and overlays (Pizzi, 1994).  
 
Melamine fortified UF resins and MUF resins can be manufactured in a variety 
of ways, for example: 
(i) By condensation of melamine, urea, and formaldehyde in a multistep 
reaction (Georgia Pacific Resin, 1996). 
(ii) By mixing of an MF resin with a UF resin according to the desired 
composition of the resin (Maylor, 1995). 
(iii) By addition of melamine in various forms (pure melamine, MF/MUF 
powder resin) to a UF resin during the application of the glue mix.  
(iv) Melamine also can be added in the form of melamine salts such as 
acetates, formats or oxalates (Weinstabi, Binder, Gruber and Kantner, 
2001), which decompose in the aqueous resin mix only at higher 
temperature. 
 
The characteristic of MUF resin is higher water resistance compare to UF 
(Skeist, 1990). The MUF resin produced has unique characteristics and properties, 
which in many ways are very different from the properties of MF or UF resin (Pizzi, 
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1994). Various MUF resin formulations have different properties, performance and 
durability. The important properties of MUF resin include the shelf life, solubility in 
water and curing period are formulated according to its applications. MUF resin 
formulations are built up from a combination of several factors. Among the 
important factors are the reaction period for each stage, the efficiency of controlling 
the pH and the temperature throughout the process, the mole ratio of formaldehyde to 
urea/melamine and the number of stages in which amino compound is reacted. The 
combination and variation of these factors produce different resin shelf life, degree of 
solubility in water and curing periods (Sandler et al, 1994). However, balancing all 
of these factors to obtain satisfactory properties for specific applications is rather 
difficult due to the interactions among the factors. For example, improving resin 
solubility may increase the curing period (Vaughn et al., 1999). On the other hand, 
shortening the resin-curing period may produce an unstable resin (Tutin 1998). In 
enhancing unbaked tile properties (Noraini, 2001; Hirdawati, 2001 and Hartini 
2001), thermosetting resin with good shelf life, high solubility in water and shorter 
curing period at room temperature are desirable. MUF resin has the potential to be 
used in unbaked tiles since it also a thermosetting resin with high solubility in water 
and good physical properties such as being resistance to scratch, heat, stain, water 
and chemicals. 
 
 Previously, researches to produce MUF resin with good stability and higher 
solubility in water have been reported. Nevertheless, the resulting formulation does 
not have a satisfactory amount of melamine or urea. For example, in Breyer et al. 
1997 and Shieu et al. 1985, the amount of melamine is between 2-10%. This 
percentage is too low for any visible chemical, scratch and stain resistant properties 
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from the melamine. In Heger 1982, the melamine content reaches 40% of the 
total resin weight, while urea comprises of only a more 3% of total resin weight. 
Addition of urea is used only as a means to reduce the free formaldehyde emission. 
Hence, the percentage of urea present is too low for the resin to be economical. Since 
all of these formulations also require considerable curing period, thus, higher 
temperature is needed to help enhance the curing process (Bono, et. al. 2003). 
 
2.2.1.4 Phenol Formaldehyde (PF) Resins 
  
The reaction between phenol and formaldehyde produce Phenol 
Formaldehyde (PF) resin. According to the pH value of catalyst used to produce PF 
resin, can be divided into resole and novolac resins. 
 
 Usually for resole resin a molar excess of formaldehyde is being used in the 
presence of basic catalyst. The excess formaldehyde attacks the ortho- and para- 
positions of phenol to form methylol phenol. As a result, a sufficient number of 
methlol groups remain reactive to complete the polymerization. Therefore, no 
addition of excess formaldehyde is needed and the resin can cure by elevated 
temperature.  
 
 The reaction between phenol and formaldehyde in the presence of acidic 
catalyst can produce novolac resin. At first methylol phenol derivatives are formed 
and further react with additional phenol to create methyelene bridge at either the 
ortho- and para- positions of phenolic aromatic ring and the reaction terminated 
when the formaldehyde reactant is exhaust. 
